ABSTRACT: To collect data on green turtles Chelonia mydas near the Marquesas Keys, Florida, USA, we conducted haphazard, unmarked, nonlinear transect (HUNT) surveys from a moving vessel. During HUNTs, we recorded green turtle locations and made opportunistic captures. We found a unique foraging assemblage of subadult and adult green turtles in open-water seagrass habitat (3 to 5 m deep) at the eastern Quicksands, west of the Marquesas Keys. At an adjacent area in the Marquesas Keys (Mooney Harbor), we observed juvenile green turtles foraging in shallow seagrass habitat (< 2 m). During 267 km of HUNTs, 370 green turtles (153 adults, 216 subadults, 1 juvenile) were recorded from the eastern Quicksands. At the Mooney Harbor site, 190 juvenile green turtles were sighted during 309 km of transects. Green turtles captured at the eastern Quicksands were adult and subadult animals that ranged from 69.3 to 108.5 cm straight carapace length (SCL; mean ± SD = 88.4 ± 10.6 cm, n = 31). Green turtles captured in Mooney Harbor were juveniles ranging from 27.0 to 59.3 cm SCL (mean = 44.0 ± 7.8, n = 41). Six repeatable, linear transects were surveyed during 3 sampling events at the eastern Quicksands. During these transects, 238 green turtles were observed. These spatial data were used in a nearest-neighbor analysis, which indicated that the distribution of green turtles at the eastern Quicksands was non-random and clumped. We hypothesize that adult and large subadult green turtles use deeper water habitats than juveniles, and this size-class partitioning may be due to differing habitat requirements and predation risk. Our analyses indicate that green turtles found at the eastern Quicksands form foraging herds.
INTRODUCTION
Green turtles Chelonia mydas are widely distributed, migratory marine turtles that nest on sandy beaches. Their hatchlings disperse from nesting beaches and occupy a pelagic and largely oceanic stage before recruiting to neritic waters (Bolten 2003) . As neritic juveniles in coastal and estuarine habitats, green turtles feed principally on seagrasses and algae (Bjorndal 1985) . In the western Atlantic, immature green turtles pass through multiple developmental habitats in the neritic zone before reaching adulthood (Bolten 2003) .
Excluding hatchlings, most green turtles observed in southeastern US waters fit within 1 of 2 size classes: (1) juveniles, ~ 20 to 65 cm straight carapace length (SCL), and (2) adults, generally > 90 cm SCL. Juvenile green turtles are known to forage within shallow bays, lagoons, and on nearshore reefs, and compose the most common life stage of this species found in the southeastern USA (Witherington et al. 2006 ). On Florida nesting beaches, adult females range from 83 to 114 cm in SCL (Witherington et al. 2006) . For the purposes of general discussion in this paper, we arbitrarily used 90 cm SCL as a minimum for adults in order to exclude large immature animals, and we arbitrarily used 65 cm SCL to separate size groupings of juveniles and subadults. At the St. Lucie power plant on Hutchinson Island, Florida, green turtles < 65 cm SCL composed 92% of 5384 in-water captures (authors' unpubl. data) . Only 6% of green turtles at this site had SCLs of 65 to 90 cm and only 2% were > 90 cm SCL. Nearly all of the adult turtles were captured during the summer nesting season. Green turtles captured at inwater study sites throughout Florida have similar sizefrequency distributions with few reports of subadults, or of adults observed outside the summer nesting season (Bresette et al. 1998 , Schmid 1998 , Makowski et al. 2006 , Ehrhart et al. 2007 .
The gap in green turtle size-class distributions suggests that juvenile green turtles leave Florida waters as they approach 70 cm SCL. Ehrhart (1985) suggested that this shift provides ecological definitions separating younger juveniles and older subadult green turtles. A recent satellite tracking study of green turtles on the east coast of Florida confirms this developmental movement (D. Bagley unpubl. data).
Green turtles that nest in the southeastern USA are reproductively active from June to September, are not known to forage near their nesting beaches, and are assumed to leave the waters near these beaches immediately after their final clutch of the season. Although their foraging grounds are not known from empirical observations, green turtles have been satellite-tracked to the Florida Keys from nesting beaches in eastcentral Florida (B. Schroeder pers. comm.), the Florida Panhandle (M. Nicholas pers. comm.), and the Yucatan Peninsula (M. Garduno pers. comm.).
Between 2002 and 2007, we conducted surveys of sea turtles in the Key West National Wildlife Refuge (KWNWR) and the associated Marquesas Keys (Fig. 1 ) to describe relative abundance and species composition of sea turtles there. During this time, we recorded the presence of juvenile, subadult, and adult green turtles foraging on seagrass pastures near the Marquesas Keys. Here, we describe these green turtle assemblages and test 2 principal hypotheses: (1) green turtles of different sizes are partitioned by different foraging habitats, and (2) green turtles in the highest density aggregation have a non-random spatio-temporal distribution that may be a result of size-specific habitat requirements and response to predation risk.
MATERIALS AND METHODS
Study area. We observed and captured sea turtles in the waters between the Gulf of Mexico and the Atlantic Ocean, near the Marquesas Keys at the western extent of the KWNWR, Florida, USA (Fig. 1) Marine habitats in Mooney Harbor include shallow (mostly < 2 m) seagrass beds consisting mainly of Thalassia testudinum interspersed with sponge and hard bottom. Sinusoidal channels (2 to 3 m deep) wind through shallow seagrass flats allowing tidal flow into and out of Mooney Harbor. Throughout Mooney Harbor are sand-and marl-bottomed depressions (1-3 m in depth and 20-350 m long × 20-60 m wide) within the shallow seagrass. At the lowest tides, shallow seagrass flats become exposed, isolating the depressions.
Green turtle foraging habitat at the eastern Quicksands consists of open-water seagrass pastures in depths of 3 to 5 m. The center of our study area at the eastern Quicksands was approximately 5 km west of the Marquesas Keys (Fig. 1) . The area experiences high tidal flow between the Gulf of Mexico to the north and the Atlantic Ocean to the south. The majority of the eastern Quicksands region contains seagrass pastures of Thalassia testudinum, Syringodium filiforme, and Halodule wrighti interrupted by drifts of Halimeda (coralline algal) sands up to 3 km long × 1 km wide. A Our observations and effort were recorded using a method we describe as haphazard, unmarked, non-linear transects (HUNTs). In this method, 2 experienced observers stood atop a 2-m elevated central tower on a 7-m long flat-bottomed skiff. During HUNTs, a helmsman recorded effort tracks and turtle locations with a Garmin Global Positioning System (GPS), and a data recorder made additional notes. The GPS recorded start and end locations of HUNTs as well as continuous vessel tracks (~20 m resolution). Vessel speed during HUNTs was kept as close to 9 km h -1 as possible.
HUNTs were near haphazard with respect to course decisions made during transects and were biased by access opportunity. Access opportunity was influenced by water depths where our vessel could navigate and where subsurface turtles could be identified (0.2 to 6.0 m depth). Although HUNT locations were also biased by decisions made by the helmsman on each search episode, efforts were made not to overlap with previous vessel paths within each day of transects. Lengths of HUNTs in distance or time were not predetermined and ended either with a sea turtle capture or a move to another location.
Green turtles sighted during HUNTs were identified to life stage (size estimate: juvenile < 65 cm SCL; subadult 65-90 cm SCL; adult > 90 cm SCL, and; undetermined We conducted these transects along 6 predetermined lines oriented east-west, each 6 km long and separated by 1 km from adjacent lines. The lines lay on a 6 × 6 km square covering an area of patchy seagrass where we had observed numerous green turtles during previous HUNTs. Green turtles sighted during these transect surveys were identified to life stage, and their locations relative to the transect line were recorded on a GPS unit.
In conjunction with HUNTs, turtles at each study site were captured using the rodeo method (Ehrhart & Ogren 1999) . Measurements were made using an aluminum forestry caliper and a graduated fiberglass tape as described by Pritchard et al. (1983) . We used tail length to determine sex in turtles > 90 cm. In a study that included direct laparoscopic examination of gonads, Meylan et al. (1994) found that absolute tail length was a good predictor of maturity in male green turtles. Tail measurements were taken with a flexible tape from the base of the plastron (posterior anal scute) to the tip of the tail. Inconel tags (National Band and Tag No. 681) were applied to the trailing edge of each front flipper, and a passive integrated transponder (PIT) tag was applied subcutaneously to the right front flipper.
Prior to release, we painted numbers on each turtle's carapace with white polyester resin mixed with hardener catalyst. These markings allowed us to subsequently identify an observed turtle within multi-day sampling episodes without having to re-capture it. Resightings of turtles after 24 h were treated as separate independent observations. Analyses. We imported sea turtle locations recorded with GPS into ESRI's ArcGIS 9.3 for analysis and mapping. Within transects, sighting frequency was calculated as the number of turtle sightings km -1
. We grouped sightings from the linear repeated transects at the eastern Quicksands into 25 and 50% minimum convex polygons for comparisons between survey dates. From these mapped data, we measured the distance between distribution centers (means) for each survey date. In addition, we used observations made during these repeated linear transects for a nearestneighbor analysis of spatial distribution (Clark & Evans 1954 , Pinder & Witherick 1975 . In this analysis, we measured distances between each observed turtle and its nearest neighbor along the transect line. From means of nearest-neighbor distances, we modeled a Poisson distribution that could be tested for goodness of fit to the actual distribution of nearest-neighbor distances. Our goal was to test competing hypotheses of random or clumped spatial distributions. SCL means for green turtles at the 2 study sites were compared using a 2-tailed t-test.
RESULTS

Observations during HUNTs
We made 560 observations of green turtles over 575. Sighting frequency of green turtles at the eastern Quicksands was 1.39 turtles km -1 of transect. Sighting frequencies were highest for adult-size and subadultsize turtles, with only 1 juvenile observed (Table 1) . From 27 green turtles at the eastern Quicksands that were assigned initial size estimates and were later captured, we found that 74% of initial size-class assignments matched those made from measurements following capture. Of 7 turtles initially assigned an incorrect size class, 4 were adults initially identified as subadults and 3 were subadults initially called adults.
Green turtles sighted using the HUNT method in Mooney Harbor were juvenile-size animals (< 65 cm SCL). No adult-or subadult-size green turtles were sighted in Mooney Harbor (Table 1) . At this site, 95% of initial size-class assignments matched those made using measurements. Of 37 green turtles assigned size estimates at initial observation and later captured, we verified 35 correct initial observations after measurements were taken. The 2 incorrect size designations were both juvenile green turtles that were initially identified as subadults.
Repeated-transect observations and nearestneighbor analyses
The linear, repeated transects conducted within the 6 × 6 km area at the eastern Quicksands observed 238 green turtles with estimated sizes corresponding to 134 adult-size turtles, 99 subadult-size turtles, 1 juvenile-size turtle, and 4 green turtles estimated to be either subadult or adult animals. Sighting frequency of all green turtles observed during these transects was 2.19 turtles km -1 of transect. Respective sighting frequencies of adult-size, subadult-size, and juvenile-size turtles were 1.24, 0.91, and 0.01 turtles km -1 of transect. We measured nearest-neighbor distances for 237 green turtles observed along the transects within the 6 × 6 km area at the eastern Quicksands. Nearly half (46%) of these observed turtles were within 100 m of their nearest neighbor. On each of the 3 linear-transect survey dates (Figs. 4 to 6 ), the distribution of nearestneighbor distances was significantly different from the Poisson distribution modeled using mean nearestneighbor distances (chi-squared goodness of fit, bins < 5 observations collapsed, df = 5, 3, and 4, respectively, for the 3 dates, for each date p < 0.0001). Median nearest-neighbor distances for July 2006, January 2007, and October 2007 were 49, 126, and 29 m, respectively. Calculated indices of aggregation (R, ratios of observed to expected mean distances) were less than 1 on each date, indicating clumped spatial distributions (Krebs 1989) . In keeping with clumped distributions, nearest-neighbor distances on each date were skewed shorter than the distribution expected from random spatial occurrence (Figs. 4 to 6), and this clumping is seen in the mapped sighting data from the linear, repeated transects (Fig. 7) . To test the hypothesis that green turtles were clumped in similar areas of the 6 × 6 km area between sampling dates, we compared the spatial distribution of green turtles using mean centers and minimum convex polygons that included 25 and 50% of sightings (Fig. 8) . Mean centers were separated by approximately 1 km, and there was no overlap of the 25% polygons (Fig. 8) . 
Size frequencies
During the present study, 31 green turtles were captured at the eastern Quicksands site, and 41 at the Mooney Harbor site. Green turtles at the eastern Quicksands ranged in size from 69.3 to 108.5 cm SCL with a mean ± SD of 88.4 ± 10.6 cm (Fig. 9) . Fifteen adult-size and 16 subadult-size green turtles were captured at the eastern Quicksands site including 10 likely females (adult-size with short tails), 5 likely males (adult-size with long tails), 2 likely maturing males (nearly adult-size with medium-long tails), and 14 subadults not differentiated by secondary sexual characteristics. Green turtles captured at the Mooney Harbor site were all juveniles 27.0 cm to 59.3 cm SCL with a mean of 44.0 ± 7.8 cm (Fig. 9) . A t-test revealed that the mean SCL of green turtles captured at the eastern Quicksands was significantly greater than that of green turtles captured at the Mooney Harbor study site (p < 0.05, df = 53). This was not surprising given that there was no overlap in size ranges for captured turtles between the 2 sites (Fig. 9) .
DISCUSSION
Green turtle partitioning by size and habitat
Green turtles foraging in the Marquesas Keys region were partitioned by size. The 2 assemblages of green turtles that we studied had little or no overlap in size structure, yet they were separated by only 3 to 5 km. Habitats occupied by the 2 assemblages were distinct but had only slight differences in bathymetry. We found juvenile-size green turtles predominantly on shallow (< 2 m) seagrass pastures in Mooney Harbor, and subadult and adult size turtles predominately on seagrass beds in the deeper waters (3 to 5 m) of the eastern Quicksands. Although juvenile green turtles within Mooney Harbor had a size distribution similar to foraging assemblages found throughout the southeastern USA, the subadult and adult-size green turtles at the eastern Quicksands were sizes not commonly found in this geographic range. The eastern Quicksands has the only foraging assemblage of adult-sized green turtles reported from southeastern US waters. Size-class partitioning of green turtles between adjacent habitats has rarely been reported, which may indicate that size-dependent habitat needs often necessitate wide geographic separation. These differing habitat requirements are believed to bring about extensive developmental migrations in green turtles (Meylan et al. 2000 , Bjorndal et al. 2003 . As an example, juvenile green turtles from the shallow Indian River Lagoon system of Florida's Atlantic coast have been tagged and recovered as subadult-or adult-size turtles at foraging grounds in the northern and western Caribbean (Moncada et al. 2006 , Ehrhart et al. 2007 . Size-distribution differences between juvenile green turtles from shallow Florida lagoons (Ehrhart et al. 2007 ) and subadult/ adult green turtles from deeper seagrass pastures off Nicaragua (~2000 km apart; Campbell & Lagueux 2005) are similar to differences we observed in green turtles from habitats in the Marquesas Keys region that were only separated by a few kilometers.
Similar size distribution differences between east Pacific green turtles (black turtles) in the coastal waters of Baja California Sur, Mexico, appear to be related to habitat differences and water depth. There, Koch et al. (2007) noted size differences between green turtles captured on the Pacific coast at Bahia Magdelena and those captured at study sites in the Gulf of California (Seminoff et al. 2003) . Green turtles captured at Bahia Magdelena were mostly juveniles found in shallow coastal lagoons, whereas turtles captured at sites in the Gulf of California (~800 km away) were mostly large juveniles and adults from deeper water. The only definitive report of size-class partitioning between adjacent habitats we found came from Shark Bay, Australia. There, Heithaus et al. (2005) found that large green turtles were most often captured in moderately deep water (3.0-5.0 m), whereas juveniles were more likely to be found in shallower water (0.5-1.5 m), near the shore, and in areas lined with mangroves. This description is similar to our observations in the Marquesas Keys.
We hypothesize that green turtle size partitioning between habitats is a result of size-specific habitat requirements and predation risk. The juvenile turtles in this study are likely to be more vulnerable to predation by sharks than larger subadult and adult turtles. The shallow water habitat within Mooney Harbor likely reduces the risk of predation by limiting access to large sharks. Heithaus et al. (2005) hypothesized that shallow water habitats in Shark Bay provided juvenile green turtles with refuge from predation by tiger sharks Galeocerdo cuvier. This same species is found in the waters surrounding the Marquesas Keys and is known to specialize in feeding on sea turtles (Witzell 1987) . This is not a unique predator avoidance mechanism in the marine environment, as many fish species utilize shallow water habitat to minimize predation risk (Linehan et al. 2001) . For example, in a study of lemon shark Negaprion brevirostris habitat preference, Morrissey & Gruber (1993) found that juvenile lemon sharks selected shallow, warm-water habitats as a hypothesized tactic to avoid predation by larger sharks. Juvenile green turtles in Mooney Harbor may receive a similar benefit from foraging in shallow water where large sharks risk exposure and have difficulty maneuvering.
At low tide in Mooney Harbor, much of the shallow seagrass pastures become partially exposed leaving only a few basins and channels with water depths of more than 1 m. However, within the expanses of these shallow seagrass flats there are several sand-bottomed depressions, 2 to 3 m deep, which are surrounded by exposed seagrass beds during the lowest tides. On an ebbing tide we have observed green turtles actively seeking out these areas to avoid being stranded on the exposed flats. We have recorded high densities of green turtles in these areas, with as many as 30 turtles observed within a single 2.1 ha depression. Sightings of juvenile green turtles pushing wakes through water roughly equal to their own body depth to reach these depressions is not uncommon in Mooney Harbor.
Because these depressions are mostly bare with little recognizable forage, we hypothesize that they are occupied principally as a refuge from tidal exposure and predation. At low tide, these sandy holes would be inaccessible to large sharks and would serve as refuges for several hours during the day. We reason that at low tide, the depressions and the shallows surrounding them do not provide adequate habitat for large sharks. These predators would suffer more severe consequences from accidental exposure if they failed to reach the depression and might have difficulty surviving high water temperatures (during summer) and low dissolved oxygen levels within these iso-lated areas. During high tide, juvenile green turtles forage throughout Mooney harbor in water depths as deep as 2 m, but are in close proximity to the relative safety of surrounding flats that are less than 0.5 m deep.
Numerous juvenile green turtles utilize the isolated depressions in Mooney Harbor, but we have recorded very few green turtles in the nearby open-ended channels of similar depth. Because we have several observations of large sharks in these channels, we propose that juvenile green turtles limit their use to reduce predation risk. The channels that exit Mooney Harbor lead to deeper, open waters surrounding the Marquesas Keys where there are extensive seagrass beds but few reefs or tidal flats where juvenile turtles could seek refuge from predators. In September 2002, we observed a tiger shark approximately 3 m in length feeding on the fresh carcass of a subadult green turtle just offshore of the Marquesas Keys.
In a preliminary examination of diet items from esophageal lavage, we found that green turtles at both study sites fed mainly on seagrass species. Juvenile green turtles in Mooney Harbor fed most commonly on Thalassia testudinum and Halodule wrightii and green turtles at the eastern Quicksands fed mainly on Syringodium filiforme and H. wrightii (authors' unpubl. data). Other evidence from the eastern Quicksands suggests that green turtles are important grazers at this site, as we have observed numerous closely cropped grazing plots similar to those described by Bjorndal (1980) and floating green turtle feces throughout the study area.
Evidence for herding
Our analysis of nearest-neighbor distances revealed that green turtles foraging on the seagrass pastures of the eastern Quicksands were not randomly distributed (Figs. 4 to 6) and had a clumped distribution for each of 3 sampling episodes. Because the spatial distributions between sampling periods had different geographic centers (Fig. 8) , we propose that the clumped distributions were a result of turtles grouping with each other rather than within clumped habitat patches. We do not have adequate spatial descriptions of the seagrass habitat at the site, but the seagrass was easily visible and we did not notice any large changes in seagrass coverage between the 3 sampling episodes, which took place within a relatively short period (15 mo). Although our nearest-neighbor distance measurements included both surface (46%) and below-water (54%) observations of turtles, it is likely that many turtles below the surface went unobserved. Because of this, we believe that our median nearest-neighbor distances are underestimates. Under ideal sighting conditions, we observed numerous instances of 2 to 6 adult and subadult green turtles foraging within 1 to 3 m of each other and in visual proximity to other groups of foraging turtles. During each sampling episode, the turtle groups we observed were mainly over seagrass, yet there were vast areas of seagrass in similar water depths that lacked turtles or evidence of grazing plots. Because even large subsurface animals are difficult to see, we believe the groups we observed were larger than we could record.
We propose that the green turtles at the eastern Quicksands site move in foraging herds. Although herding in large herbivorous vertebrates has been commonly observed and widely studied, we believe that this is the first evidence of herding in an assemblage of foraging sea turtles. Benefits of herding for foraging green turtles are likely to be similar to those reasoned for and demonstrated in other large herbivores (Hamilton 1971) . One straightforward benefit to herd members is dilution of predation risk (Morton et al. 1994) , but additional survival benefits may come from enhanced group vigilance for predators. Herd vigilance may be more important for the subadult and adult green turtles in the present study because habitat at the eastern Quicksands has no significant reef structure that would provide refuge from predators.
As individuals, large green turtles are strong swimmers protected by a tough carapace and are larger than the mouths of most sharks. Nonetheless, large sharks are clearly able to remove limbs and occasionally kill large sea turtles (Witzell 1987) . Avoiding this predation may hinge on avoiding surprise attacks. As in other large animals threatened by predators, green turtles may take part in anti-predator behaviors brought about both by direct detection of predators and by the startle responses of fellow herd members. Due to behavioral time-budget considerations, predator vigilance that is subsidized by other herd members is likely to result in additional foraging opportunities. Kildaw (1995) reported that the largest groups of black-tailed prairie dogs Cynomys budovicianus spent the least time scanning for predators and devoted the most time to feeding. Kildaw (1995) also found that prairie dogs in large groups tended to forage in riskier locations than individuals in small groups. We believe the eastern Quicksands is a risky foraging location for green turtles, but by forming herds, green turtles mitigate predation risk while benefiting from increased foraging opportunities.
Green turtles within a herd may also benefit from increased foraging success brought about by the foraging actions of other herd members. In this respect, green turtles may differ markedly from terrestrial grazers in the effects that each has on its source of forage.
Whereas most terrestrial grazers such as ungulates tread on their forage and deliver effects beyond removing the vegetation they eat, green turtles glide over their forage and, except for feeding, have only minor contact with the seagrass. In feeding, green turtles are adept at cropping seagrass blades without significant damage to the remaining plant (Bjorndal 1980) . New growth from cropped seagrasses has been shown to be higher in nutrition and easier to digest than older, uncropped seagrass blades (Bjorndal 1985 , Moran & Bjorndal 2007 . This nutritional benefit is believed to favor green turtles that maintain and selectively feed within grazing plots (Bjorndal 1985) . At the eastern Quicksands site, we commonly observed groups of green turtles within well defined grazing plots. We hypothesize that these green turtles benefit not only from their own grazing maintenance, but also from the grazing maintenance of others in their herd. A similar foraging benefit to individuals in a group was seen for flocks of brent geese Branta bernicla feeding on the new growth of sea plantain Plantago maritima (Prins et al. 1980) . Adult green turtle foraging grounds in the western Atlantic have been identified through tracking females from nesting beaches using satellite telemetry, yet few data exist detailing relative abundance, size-class frequency, and habitat usage at these sites. This is likely due to the difficulty of conducting inwater studies in remote, open water habitats. For example, off the Caribbean coast of Nicaragua where an important foraging ground exists, data are gathered from green turtles brought in by local sea turtle fishermen (Campbell & Lagueux 2005) . However, the harvest of adult and subadult green turtles at this site is typically conducted at nocturnal resting areas (sleeping rocks), and the foraging grounds remain unknown (C. Lagueux pers. comm.). Foraging grounds off the coasts of Honduras, Nicaragua, Costa Rica, Panama, and Cuba have also been identified through satellite tracking and tag returns of green turtles from the largest rookery in the Atlantic at Tortuguero, Costa Rica (Troëng et al. 2005 ). To our knowledge, there are no published accounts describing the foraging behavior of green turtles at these sites, so future research effort could reveal that the herding behavior we observed is not unique to the eastern Quicksands foraging ground.
The only reference we did find of green turtles forming foraging groups comes from the Western Indian Ocean at Mayotte Island. There, Roos et al. (2005) reported that large green turtles (86% were adult-size) observed during snorkeling surveys in water < 5 m were 'generally found in small groups of 4 or 5 individuals.' This is similar to our observations off the Marquesas Keys.
Reproductive movements
Florida beaches may be an important destination for nesting females from the eastern Quicksands foraging area, given that 10 of 11 green turtles tracked from Florida's central Atlantic beaches migrated to and established residency in foraging areas in the Florida Keys (B. Schroeder pers. comm.). Evidence from the eastern Quicksands site indicates that this area may be an important foraging ground for rookeries in the Caribbean Basin as well. Of the 10 adult-sized green turtles captured at this site that were presumed to be mature females, 2 were later found nesting on the beaches of Quintana Roo, Mexico. . From these recaptures it is evident that the green turtle aggregation at the eastern Quicksands is composed of adult turtles from multiple western Atlantic rookeries. Green turtles from these rookeries may benefit from having a foraging area without an artisanal or commercial green turtle fishery.
CONCLUSIONS
Green turtles forage on seagrass pastures near the Marquesas Keys and are partitioned by size between shallow (2 m) and slightly deeper (3 to 5 m) water habitat. There was little or no overlap in size structure of green turtles in these adjacent habitats, indicating that there was a strong effect of size on where turtles choose to forage. Size-specific effects may include limited access to shallow habitats by large turtles and increased predation risk of small turtles in deeper, open waters. We propose that larger green turtles foraging in open waters reduce predation risk by foraging in herds. We observed clumped spatial distributions in green turtles at the eastern Quicksands that showed different spatial centers between sampling episodes, evidence that is consistent with herding. The foraging herds at the eastern Quicksands include adult turtles that take part in reproductive migrations to Florida's Atlantic coast, the Yucatan Peninsula, and Costa Rica, and also include subadults, which are virtually unknown from the remainder of the green turtle's range in the southeast USA. Because of the importance of the Quicksands region to foraging green turtles, we recommend that this area be given status within the Florida Keys National Marine Sanctuary as a 'Sanctuary Preservation Area.' 
